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ESPITE CAREFUL donor selection and extensive testing, the transfusion of allogeneic cellular blood products is associated occasionally with adverse reactions and other complications. The latter include febrile nonhemolytic transfusion reactions (FNHTR), refractoriness to platelet transfusions, graft-versus-host disease (GVHD), immunomodulation, and transmission of infectious agents. There is increasing awareness that some of these may be attributable to the presence of leukocytes in donor blood. The use of leukodepleted blood components has thus been recommended as a preventative intervention for selected groups of patients who are at high risk of rea~ti0n.I~ This review will focus on the data currently available relating to the pathogenesis of the various biologic effects associated with the presence of allogeneic leukocytes in transfused cellular blood products. In addition, available methods to prevent such complications will be discussed.
NORMAL PHYSIOLOGIC PROPERTIES OF LEUKOCYTES

Formation, Kinetics, and Function
For the purpose of this discussion, peripheral blood leukocytes will be divided into two functional groups: the phagocytes and the immunocytes. Granulocytes (neutrophils, eosinophils, and basophils) and the monocytes will be considered among the phagocytes, whereas the various types of lymphocytes, along with their precursors, and the plasma cells will be discussed as immunocytes. Both classes of leukocytes originate from a common pluripotent hematopoietic stem cell and develop into specific cell types under the influence of various growth factors generally known as cytokines. These hormone-like glycoproteins, produced by a wide variety of cells, are involved in intercellular communication. The cytokines act hierarchically and synergistically at low concentration to induce leukocyte proliferation, differentiation, maturation, and specific f~nction.~" The cytokines thus influence the development and maintenance of immunity, and the inflammatory processes, by regulating the biologic interaction among the different cell types.'"'
The cytokines are biologically active at various specific steps during the differentiation and proliferation of hematopoietic stem cells, acting as either lineage-specific factors, progenitor cell-cycling factors, or inhibitory factors.6." Thus, erythropoietin (EPO) regulates erythropoiesis; macrophage colony-stimulating factor (M-CSF) and interleukin-5 (IL-5) control the growth of the eosinophil and monocyte/macrophage lineages; granulocyte-CSF (G-CSF) acts on neutrophil progenitors; whereas IL-6, IL-11, IL-3, IL-1, stem cell factor (SCF), leukemia-inhibitory factor (LIF), and granulocytemacrophage-CSF (GM-CSF) have been shown to stimulate the formation of neutrophils, macrophages, and megakaryocytes.'2"6 IL-3, IL-4, and GM-CSF act on intermediate progenitors after they leave the resting state, termed G0.17, 18 Several factors, including IL-3 and GM-CSF, have been shown to act synergistically to cycle dormant human hematoBlood, Vol84, No 6 (September 15), 1994: pp 1703-1721 poietic progenitors to promote colony formati~n"~'~; whereas IL-6, G-CSF, IL-1 l , steel factor (SF), and IL-12 are active in dormant murine hematopoietic progenitors.6 The inhibitory cytokines include tumor necrosis factor-a (TNF-a), transforming growth factor-@ (TGF-P), macrophage inflammatory protein l a ( M I P~c~) ,~ and, possibly, IL-4." Recently, it has been recognized that there are stem cells that are progenitors for all hematopoietic lineages, including immunocytes.6 These stem cells are not only in the bone marrow but also in the lymphoid tissues, but those in the latter tissue appear to produce both B and T lymphocytes. B lymphocytes, originating from the bone marrow, represent approximately 20% of circulating lymphocytes. Circulating T lymphocytes also arise from the bone marrow, but these are processed in the thymus before they are distributed to the lymph nodes and spleen. Thus, approximately 80% of circulating lymphocytes are T cells that remain in the circulation for approximately 10 hours.
Dendritic leukocytes, which also originate in the hematopoietic system, participate in the immune response by acting as antigen-presenting cells (APC). T lymphocytes are able to recognize foreign antigens associated with the major histocompatibility complex (MHC) molecules (in humans, the HLA antigens), presented by the APC, to initiate the immune response. Thus, APC both present peptide-MHC complexes to T lymphocytes and deliver activation signals initiating the T-dependent immune response.21,22 This T-cell-antigen interaction induces the production of various cytokines by both APC and T cells to cause the rapid expansion and differentiation of alloantigen-specific T lymphocytes. The production of specific cytotoxic T lymphocytes is thus dependent on specific cytokines, especially IL-2 and IL-4. The IL-2 drives the differentiation of naive T cells toward the T helper 1 (TH1) subset, which, in turn, controls cell-mediated immunity. IL-4 directs naive T lymphocytes to become T helper 2 (TH2) cells, which, in turn, mediate antibody production by B lymphocytes. The B cell is then primed to respond to a variety of cytokines released by T helper cells that include IL-2, IL-4, IL-6, and interferon-y (INF-y) IL-2 together with IL-5 induces B-cell proliferation, whereas IL-6 participates in B-cell maturation.' Some cytokines are thus involved, directly and indirectly, in both the differentiation and the activation of the various immunocytes, whereas other cytokines inhibit these events to prevent uncontrolled B-cell activation. The total number of leukocytes present in a unit of donor whole blood is approximately lo9. There is a smaller number in the various blood components, because some are lost during their preparati~n.'~ Table 1 summarizes the approximate total number of leukocytes and lymphocytes in the various cellular blood products available in transfusion practice.
FNHTR
An FNHTR is defined as an increase in temperature, of 1°C or more, occurring in association with an allogeneic blood transfusion. FNHTR are estimated to occur in approximately 1% of red blood cell (RBC) transfusions and in approximately 30% of platelet concentrate t r a n s f~s i o n s .~~.~~ Most FNHTR have been attributed to the presence, in the recipient's plasma, of alloantibodies reactive with HLA or other alloantigens present on donor leukocytes and/or platel e t~.~~, * * Single-donor HLA-unmatched nonleukodepleted apheresis platelet concentrates are associated with a lower incidence of FNHTR than that seen with pooled random donor platelet concentrate^.^^.^^
The removal of 75% to 90% of the leukocytes from RBC concentrates has been shown to be associated with a significant reduction of the occurrence of FNHTR in most patients,+uh.in-~s Such observations lend credence to the argument that multitransfused patients should receive only leukodepleted blood components to prevent or minimize the severity of such reactions.z.32.76 Although the reduction of the number of allogeneic leukocytes can decrease the overall FNHTR rate compared with that seen with nonleukodepleted products, the use of leukodepleted platelet concentrates has not been totally effective in preventing such reaction^.^"^^^^^ Moreover, it is reasonable to expect that even a pure suspension of platelets could cause FNHTR because platelets are known to have HLA antigens on their surface membranes. However, it has been shown that FNHTR also occur in patients transfused only with the supernatant plasma from platelet concentrates that contain very low numbers of platelets and leukocytes (< lo6 total cells per pr~duct).'~" In addition, a significantly higher overall transfusion reaction rate has been demonstrated with increasing storage age of both RBC and platelet product^.'^."
A correlation between increased levels of TNFa, IL-1 p, and IL-6 in platelet concentrates and the frequency of FNHTR has been reported, providing evidence that such reactions may not always be the result of an antigen-antibody event, but may result from the transfusion of soluble biologic mediators, such as cytokines, that are known to be actively synthesized by the leukocytes present in a blood component and that accumulate during ~torage.~"~" Thus, the removal of leukocytes that actively synthesize and release such cytokines from blood components shortly after collection (prestorage leukodepletion) may reduce the incidence of such reactions. Relevantly, it has been shown that the prestorage leukodepletion of platelet concentrates significantly reduces the level of L I P , TNF-a, IL-6, and IL-8 in the supematant p l a~m a ? '~.~~~l It is also possible that FNHTR in some patients are caused by the release of cytokines from recipient macrophages that might be activated by antigen-antibody-complement complexes formed during or immediately after a tran~fusion.~' Moreover, it has been suggested recently that cytokines participate in the pathogenesis of some of the signs and symptoms associated with hemolytic transfusion reaction^.".^ Fever is a hallmark of ETTHTR. It is likely that the fever is caused by the release of IL-l and IL-6 by the leukocytes contaminating cellular blood products. There are specific cellular receptors for each cytokine present on the membranes of various cells and it is this cytokine cellular receptor interaction that triggers a specific biologic response. It appears that the febrile response to IL-l and IL-6 is caused by the production of prostaglandin E' (PGE2) by cells in the hypothalamus causing the fever. In addition to causing fever, IL-1 can stimulate the recruitment of neutrophils from the bone marrow, a phenomenon that may cause the further elaboration of cytokines to induce other biologic activi-
The biologic responses to the various cytohnes can thus be very complex and all these complexities remain to be elucidated."
Transfusion-Related Acute Lung Injury (TRALI)
TRALI is a potentially lethal complication of allogeneic blood product transfusions characterized by chills, fever, For personal use only. on October 22, 2017. by guest www.bloodjournal.org From acute respiratory distress, bilateral pulmonary edema, and severe hypoxemia, occurring 1 to 6 hours after an allogeneic blood transfusion. Although the clinical features of T R A L I are indistinguishable from those associated with the adult respiratory distress syndrome, the pulmonary infiltrates in most patients with TRALI resolve rapidly, usually within 48 to 96 hours, with no long-term sequelae. The mortality rate associated with TRALI has been reported to be approximately 5 % :5 TRALI can be associated with the transfusion of whole blood, RBC concentrates, fresh-frozen plasma, or cryoprecipitate. The pathogenesis of TRALI has been attributed to the passive transfer of donor antileukocyte antibodies that react with doantigens on the leukocytes of the recipient.65o TRALI thus appears to be an immune-mediated disorder associated with the passive transfer of donor HLA-A or HLA-B alloantibodies, and/or granulocyte-specific alloantibodies, including anti-NB2,49 anti-NA2;' and a11ti-5b.~~ The pulmonary vascular leakage associated with TRALI has been shown to be preceded by complement system activation, with neutrophil and endothelial cell injury representing additional factors in the pathogenesis of the acute lung pathology>8 TRALI has been reported to occur even with the infusion of small quantities of plasma containing leukocyte alloantibodi e~.~' It is not clear how the transfusion of only small quantities of plasma can trigger TRALI, but, as the result of such reports, it has been proposed that only the cells of blood donors implicated in such reactions be used for patient care. It has been suggested also that allogeneic blood product units from multiparous donors be screened for HLA or neutrophilspecific antibodies before using such units for transfusion; however, evidence for the efficacy of such a practice is una~ailable.~' The role of the various cytokines in the pathogenesis of TRALI is unclear at the present time.
Platelet Refractoriness and Alloimmunization
Approximately 50% of multiply transfused patients become refractory to pooled random platelet concentrates, limiting the clinical effectiveness of such the rap^.^^.^^ Most platelet transfusion refractoriness appears to be caused by alloimmunization to HLA and/or platelet-specific antigens, but the presence of bleeding, concurrent use of drugs, fever, sepsis, disseminated intravascular coagulation, splenomegaly, and AB0 blood group incompatibility all may contribute to inadequate allogeneic platelet recovery after transfusion.57m It has been estimated that HLA and/or platelet-specific alloantibodies can be detected in 20% to 50% of the patients receiving multiple random donor platelet^.^^.^^.^' A recent prospective study showed that HLA antibodies were detected in 13 (26%) of 50 multitransfused patients, with plateletspecific alloantibodies detectable in only 2 and platelet autoantibodies in 2.62 The exact incidence of platelet alloimmunization causing refractoriness is difficult to ascertain because of the possible presence, in the patients evaluated, of confounding factors that could contribute to inadequate platelet recovery. Moreover, the definition of platelet refractoriness versus that of platelet alloimmunization has been a controversial issue because the detection of alloantibodies does not always parallel the refractory state, and vice versa. In this context, it has been shown that, despite the presence of platelet alloantibodies, some patients continue to have good platelet count increments after allogeneic platelet transfusion^.^^ The precise mechanism of platelet alloimmunization is unknown. Because platelets express only HLA class I antigens, it has been postulated that functional APC bearing both class I and class I1 HLA antigens, present in donor blood components, are required to initiate an immune response in a r e~i p i e n t .~~ Thus, it has been postulated that APC present antigen peptides in conjunction with donor HLA class I1 antigens to recipient's CD4 (TH2) cells to induce cytokine production and thus stimulate B cells to produce alloantibodies. Class I HLA peptides may also be recognized by recipient CD8 (TH1) T cells, initiating a cytotoxic immune response. This T-cell-mediated immune response thus requires interactions between the APC, the CD4 lymphocyte, and the CD8 T A variety of methods have been used to reduce or prevent platelet alloimmunization. These include the use of single donor cross-match compatible platelets:' the administration of single-donor HLA-matched platelets,@ UV-B irradiati0n,6~ and the leukodepletion of allogeneic cellular blood components intended for transf~sion.'~ Recent studies indicate that patients receiving leukodepleted random donor blood products are at lower risk for platelet refractoriness than are recipients of nonleukodepleted Table  2 summarizes the results of 10 studies comparing the incidence of platelet alloimmunization in patients who had received unmodified blood products with those who had been transfused with leukodepleted blood products. The mean frequency of platelet alloimmunization in patients transfused with nonleukodepleted blood components appears to be considerably higher than that observed in patients who received leukodepleted blood products. Despite these results, many issues remain unresolved concerning the clinical impact of leukodepletion to prevent platelet refractoriness. These include the extent and timing of leukodepletion; the correlation between alloimmunization, refractoriness, and the risk of morbidity due to bleeding; and the cost-effectiveness of such an interventi~n.~~ Several investigators have postulated that platelet alloimmunization occurs only with leukocyte counts greater than lo6 per transfused allogeneic blood ~omponent,6~*"*~~.'~ but the threshold number of leukocytes below which alloimmunization would no longer occur is yet to be determined. Thus, in an experimental animal model, 50% of mice receiving transfusions of platelets with even a very low number of residual leukocytes (52/pL) become alloimm~nized.~~ In another experimental animal model of refractoriness to allogeneic donor platelets, it was shown that 3 log,, leukocyte reduction of RBC suspensions provided no significant advantage over 2 log,, leukocyte removal, and that approximately 30% of the rabbits that received either 2 or 3 log,, leukodepleted allogeneic blood still became refractory. Interestingly, the extent of platelet refractoriness could be reduced by combining plasma removal with le~kodepletion.'~ Moreover, it has been shown that the leukodepletion of allogeneic whole blood before its storage (prestorage leukodepletion) was associated with a reduced frequency of platelet refractoriness and higher in vivo platelet survival, compared with that seen in animals that received poststorage leukodepleted allogeneic whole blood." These experimental animal data suggest that alloimmunization may be related not only to the number of white blood cells present in an allogeneic blood component, but also to the presence of MHC or other antigens, either in the soluble form or as microparticles, that escape leukocyte filtration. Relevantly, it has been reported that the quantity of soluble HLA class I substance present in human whole blood or platelet concentrates does not increase during storage." It is probable, therefore, that particulate HLA class I antigens, in the form of microparticles present in allogeneic plasma, contribute to the alloimmunization associated with the transfusion of blood components. The recent demonstration that the combination of leukodepletion and plasma removal abolishes platelet refractoriness supports such an hypothesis, as does the recent report that leukodepletion does not remove membrane microparticles bearing HLA antig e n~.~~. " Besides the critical role in alloimmunization, the presence of leukocytes in platelet concentrates during storage has been reported to be associated with changes in platelet glycoproteins Ib and IIb/IIIa." Such changes may result in the loss of platelet responsiveness to ristocetin and thrombin, but they do not appear to affect in vivo platelet survivdx'
Another approach to prevent platelet alloimmunization is the use of UV-B light. Basically, UV-B irradiation appears to modify allogeneic antigen presentation by depressing the degree of expression of both class I and class I1 HLA antigens on immunocytes. Changes in adhesion molecules such as ICAM-1 and CD1 4 have been reported with such irradiation interfering with the production of IL-1 and IL-6, which, in turn, might impair antigen presentation by B cells." Additionally, UV-B light has been shown to enhance the number of CD8 T-cell population in allogeneic blood product recipients affecting their secondary immune response." Most importantly, doses of UV-B that have been shown to reduce the reactivity of mixed lymphocyte reactions do not seem to affect in vitro platelet function or posttransfusion platelet Studies in dogs that had received UV-B-irradiated allogeneic platelets have been shown to have a much lower alloimmunization rate than control anirnal~.'~ Relevantly, in two small clinical studies, the rate of platelet alloimmunization was lower in patients transfused with UV-B-treated allogeneic platelet concentrates than in control patients who received nonirradiated platelet^.^^.^'
Transfusion-Associated GVHD ( T A -G V H D )
TA-GVHD is a potentially lethal immunologically mediated disorder that results from the engraftment of viable immunocompetent allogeneic donor T lymphocytes into the tissues of a blood transfusion Whole blood or RBC concentrate transfusions have been implicated in the majority of the cases,*5 but granulocyte concentrate^,'^ platelet concentrates,'" and fresh plasma9' containing viable lymphocytes have also been implicated in TA-GVHD. Frozen blood products have not been reported to cause TA-GVHD.9Z The diagnosis of TA-GVHD is usually clinically based, but histopathologic findings of the skin showing lymphocytic infiltration with satellite dyskeratosis may help to distinguish TA-GVHD from drug toxicity or a skin infection. More recently, genetic fingerprinting and the polymerase chain reaction have been used to confirm HLA chimerism in the peripheral blood lymphocytes of affected individual^.^^,"
Recently, TA-GVHD has been shown to be caused by a network of interactions involving effector cells, multiple cytokine pathways, and target cells."5 Epithelial and hematopoietic stem cells represent the host target cells, whereas cytotoxic T lymphocytes and natural killer (NK) cells act as the primary effector cells of the allogeneic donor. Although activated NK cells may cause cytolysis by direct cell contact, host tissue damage can occur due to the release of TNF-a, TNF-P, and IL-I by donor cytotoxic T lymphocytes and NK cells.96 GVHD may be exacerbated by associated herpes or cytomegalovirus infections, because such infections may induce alterations in immune regulation in the host as well as provoke modifications on cell surfaces, increasing the susceptibility of host target cells to attack by effector An excellent article describing the molecular basis of the cytokine dysregulation that occurs in acute GVHD has recently been published.
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The occurrence of a TA-GVHD in a blood transfusion ecipient depends on the immunocompetence of the host, he genetic similarity between donor and recipient, and the rumber of viable donor T lymphocytes present in the transh s e d blood product.w,lOO The precise number of transfused lymphocytes needed to induce TA-GVHD is not known.
Data from animal studies suggest that lo7 lymphocytes per lilogram of body weight may be required:' In humans, as few as lo4 lymphocytes administered to children with severe combined immunodeficiency has resulted in TA-GVHD."' Typically, TA-GVHD has been reported to occur in immunosuppressed patients whose immune systems are impaired is a result of prematurity, a congenital immunodeficiency state, a hematologic malignancy, a solid tumor, or associated vith bone marrow transplantati~n.~~*'~ Accumulated eviaence indicates that TA-GVHD can also affect immunocomptent individuals.'""
The risk of the development of TA-GVHD in nonimmunocompromised individuals appears to he greater if there is some HLA-identity between donor and recipient such as occurs with transfusions from first-degree
The likelihood that blood from unrelated honozygous donors will be transfused into heterozygous paCents is greater in a monoracial population and has been tstimated to be 1 in 16,835 in France,Iog l in 660 in Ja-
The prevention of TA-GVHD can be accomplished by dtering either the viability or the total number of T lymphocytes in a cellular blood product before transfusion. y-Irradiition is the procedure generally used to prevent TA-GVHD. "he recommended minimum dose of 15 Gy has been shown b decrease the lymphocyte mitogen response by 90% withPut compromising the function of the other blood cell^.^' Although higher doses of y-irradiation, such as 500 Gy, may Sfect granulocyte chemotaxis and bactericidal activity,"' granulocyte function remains essentially normal after y-irratiation ranging from 0 to 175 Gy."I*'Iz The y-irradiation of blood products does not appear to cause significant adverse tffect on stored blood cells; nevertheless, some investigators ecommend that y-irradiated RBC concentrates, used for iltrauterine or pediatric transfusions, be washed to reduce ne elevated plasma potassium levels often seen in such Furthermore, irradiated RBC concentrates have t meen shown to have minor changes in ATP, pH, lactate tehydrogenase (LDH), and plasma-free hemoglobin levels &er 42 days of storage when compared with non-y-irradiaed RBC ~n i t s . "~ Nonetheless, the routine washing of irradiaed RBC before transfusion does not appear to be warnnted.'I6
A survey conducted in 1989 showed that various institutons associated with the American Association of Blood Banks used the following y-irradiation doses: 15 Gy (42.3%), 15 to 25 Gy (31.8%), 25 to 35 Gy (22.8%), and 3 to 50 Gy (3.1%).'17 Because a small percentage of lym-$ocytes may survive 15 Gy irradiation, it has been suggested that doses of 25 to 30 Gy of y-irradiation may be rppropriate to prevent TA-GVHD."','19 The FDA in the United States has recently established regulations regarding 7-irradiation doses of blood products intended for clinical me. These guidelines require 2,500 cGy (25 Gy) to the cenPan,'03.104*"0 and 1 in 7,174 in American whites.Iog Inits.113.114 tral part of the container, with 1,500 cGy (15 Gy) as the minimum dose to any other point."' Alternative approaches to prevent TA-GVHD have been reported. In animal studies, the UV-irradiation of transfused leukocytes has been shown to abolish TA-GVDH in recipient dogs."' Another approach has been to reduce the number of donor lymphocytes using leukocyte filters that provide at least 3 log,, removal. In vitro studies indicate that leukodepleted cellular blood components may be associated with decreased risk for TA-GVHD"'; however, TA-GVHD has been reported to occur even with the transfusion of leukodepleted blood components (99% to 99.6% leukocyte rem~val).''~ Imrnunornodulation Blood transfusion and allograji transplantation. The beneficial effect of allogeneic blood transfusions (ABT) in renal transplantation was described more than 20 years ag0.Iz4 A highly significant correlation was reported between increased numbers of pretransplant blood transfusions and improved allograft survival in a prospective analysis of 1,360 kidney transplant^."^ Over the past 20 years, these results have been replicated in animal experiments and confirmed clinically in many transplant centers. Overall, patients transfused with allogeneic blood products have a significantly better renal allograft survival rate than nontransfused patients, regardless of the number of HLA-A locus and HLA-B locus mismatches. Similar data are also available for HLA-DR mismatching. Even with HLA-identical sibling allografts, it has been reported that 33% of allogeneically transfused recipients experience graft rejection, compared with 75% of untransfused recipients.Iz6 Thus, although data exist to indicate that the beneficial effect of ABT occurs even in HLA-identical recipients, the ABT effect is most evident when the degree of HLA mismatching is greate~t.''~ Although it is generally accepted that ABT can improve renal allograft survival, the influence of such transfusions has declined significantly over the last decade, probably caused by the advent of very effective immunosuppressive drugs and improved patient management, particularly the treatment of rejection episodes.'28.'29 However, a recent multicenter study reporting on 58,036 renal transplants since the advent of the use of cyclosporine indicates that patients receiving ABT are still more likely to have successful renal allografts than those that did not.'" Similar results have been observed in patients receiving living-related-donor kidney tran~plants.'~' The mechanism involved in producing the ABT-associated prolonged allograft survival has not yet been completely elucidated. In addition, there are many unanswered questions about the use of ABT in such patients, such as the optimal number of transfusions, the component of blood required to produce the effect, the volume of blood required with each transfusion, the optimal timing of the transfusions to produce the effect, the concurrent hazards of the blood transfusion induced immunosuppressive effect, and whether ABT are still n e c e s~a r y . '~~~~~'
It has been proposed that the ABT effect may occur because of the selection of nonresponders, the development of a suppressor cell network, the inactivation of alloreactive For personal use only. on October 22, 2017. by guest www.bloodjournal.org From clones by immunosuppression, and/or the induction of antiidiotypic and anticlonotypic a n t i b o d i e~.~~. '~~ The exclusion of responders in the cross-match test cannot account for the beneficial effect, because ABT have been shown to improve renal allograft survival even in HLA-identical donor-recipient combination^.'^' Similarly, the clonal deletion theory proposed by Terasaki is no longer ~upported.'~~."~ There is considerable evidence to suggest that ABT induce the production of suppressor T cells; however, this effect does not seem to persi~t.'~' Anti-idiotypic antibodies, which are predominantly of the V,6 gene family, have been shown to be present in serum of ABT recipients and in patients with long-term functioning allografts."' Furthermore, the presence of an anti-Fc receptor antibody in the serum of kidney recipients has been associated with an allograft survival rate of 93% at 1 year and 71% at 3 years, compared with 29% at 1 year and 25% at 3 years in patients lacking such antibodi e~. '~~ It has been suggested that the beneficial effect of ABT on renal allograft survival increases with the number of transfusions. Thus, patients who received 6 to 10 transfusions have been reported to have higher l-year graft survival rates than patients who had received fewer allogeneic transfusions. Interestingly, patients who receive more than 10 transfusions appear to have lower overall graft survival rates.'35 This may be caused by the greater likelihood that multitransfused patients will develop cyotoxic antibodies and, thus, are at greater risk for earlier and more severe allograft rejection episodes.'3o Relevantly, recipients of whole blood or RBC concentrates have been shown to have better l-year cadaveric graft survival than individuals receiving leukocyte-poor blood components such as washed RBC concentrates or frozen-deglycerolized RBCs. Such data indicate that allogeneic donor leukocytes somehow participate in the production of the beneficial ABT effect.'36 Thus, pretransplant ABT remain an intervention that can be useful in the management of selected patients scheduled for kidney transplantation. Patients transfused during surgery had no impact on subsequent renal allograft survival.125 Nonetheless, additional data are required to understand how ABT induce their beneficial effect in renal transplantation. In addition, the potential hazards of the ABT should be considered before being undertaken in a particular patient.
Blood transfusion and tumor growth. The possible association between ABT and cancer recurrence was first suggested more than 10 years ago, when concern was raised for patients undergoing curative surgery for a malignant disorder who might be adversely affected by the immunomodulatory effects of ABT administered perioperati~e1y.I~~ No definitive data proving this effect in humans have been published as yet. What have been reported are mainly nonrandomized retrospective clinical data. Many reports have appeared evaluating the effect of perioperative ABT on tumor recurrence and/or overall prognosis in patients with a malignancy undergoing curative cancer surgery. A considerable amount of such data has been obtained from studies of patients with colorectal carcinoma (summarized in Table 3 ).138"67 Evidence for a deleterious ABT effect has also been provided by more than 40 clinical studies in patients with a variety of other malignancies, including breast, lung, kidney, prostate, stomach, cervix, vulva, head and neck, larynx, soft tissue, bone, and liver metastases. The adverse effect of ABT has thus been reported in approximately 50% of such studies, with the remaining 50% reporting no adverse effect.'"
The most relevant clinical studies evaluating the effect of perioperative ABT on the outcome in patients with colorectal carcinoma have been subjected recently to meta-analysis by two groups of investigator^.'^^^'^^ One such analysis indicates that the cumulative odds ratio of colorectal carcinoma recurrence, cancer-associated death, and death from any cause in allogeneically transfused patients are 1.80, 1.76, and 1.63, re~pective1y.l~~ These investigators concluded that their analysis supports the hypothesis that perioperative ABT are associated with an increased risk of colorectal carcinoma recurrence and death from this disease.'69 The second group concluded that the adverse effect of ABT might increase the relative risk of cancer recurrence by 37% (95% confidence index [CI], 20% to 56%)."" Interestingly, a recently published prospective randomized study in colorectal cancer patients concluded that the risk of cancer recurrence was increased in patients transfused with either allogeneic or syngeneic blood compared with untransfused In contrast, a similar prospective randomized study concluded that ABT in colorectal carcinoma patients were an independent prognostic factor on the cancer recurrence rate.'63 Thus, whether ABT affect tumor growth, in humans, is still an open issue.
The tumor growth-promoting effect of ABT has been shown to occur in experimental ani mal^.'^'^''^ Data from both inbred and outbred animal models indicate that the tumor growth-promoting effect of ABT is mediated immunologically; as the ABT tumor growth-promoting effect can be adoptively transferred, using spleen cells, to naive animals.173 These studies indicate that the ABT effect on the growth of animal tumors is related to the presence of donor leukocytes in the allogeneic blood, and that this deleterious effect can be ameliorated by the prestorage leukodepletion of the allogeneic b l~o d . '~' . '~~ Moreover, the data provide evidence for the lack of efficacy of poststorage leukodepletion in preventing the ABT tumor growth promotion effect. 175 Although results from experimental animals cannot necessarily be extrapolated to the clinical situation, the results obtained indicate that the bedside (poststorage) leukodepletion of allogeneic blood products may not be effective in preventing the tumor growth-promoting effect of ABT, if this effect indeed occurs in humans.
Blood transfision and infection. ABT are administered frequently to patients who are at risk for infections. The association between perioperative ABT and the increased incidence of bacterial infections after surgery has been examined in both clinical and experimental animal studies. The available clinical data are mainly from uncontrolled studies. The results of 9 relevant studies are summarized in Table   cancer patients, in which subjects were randomly assigned syngeneic or allogeneic blood, reported a significant higher postoperative infection rate in patients transfused with allogeneic blood compared with patients who received syngeneic blood transfusions (27% v 12%, P = .036). Using multivariate regression analysis to adjust for other factors, the odds ratio for risk of postoperative infections in the allogeneic versus syngeneic blood transfusion group was 2.84 (95% CI, 1.02 to 7.98). The observed number of noninfectious complications was similar in the two groups of patients.ls4
4.176-184 The only prospective trial conducted in colorectal
The dose-response relationship between the number of allogeneic blood units transfused and the risk of infection has also been examined. Thus, in a study of 137 patients who underwent surgery for a penetrating colonic injury, the risk of an infection was 7.5% for untransfused patients, and 25%, 37%, and 57% for patients transfused with 1 to 5 units, 6 to 9 units, or 10 or more units, respe~tively.'~~ In a retrospective study of patients who underwent surgery for gastric carcinoma, patients who developed postoperative infections were transfused with a higher number of allogeneic units compared with those who did not. However, infected patients were found to have been subjected to longer surgery, more frequent use of urinary tract catheters and drains, and had an operation involving a resection.Is6
The role of allogeneic leukocytes in the development of postoperative infections has also been investigated. A prospective randomized trial involving patients who underwent colorectal surgery has shown that patients transfused with allogeneic whole blood had a significantly higher frequency of postoperative infections than patients who received 99.98% leukodepleted allogeneic blood. This study also provided evidence that NK cell function remained significantly impaired for up to 30 days after surgery in those patients transfused with nonleukodepleted allogeneic whole blood received both syngeneic and allogeneic blood. There are no differences across the four groups with regard to the infection rate; however, patients transfused with allogeneic whole blood had a higher relative risk of infection ( P = ,001).
1 Of 197 patients evaluated, 104 received allogeneic blood transfusions. Forty-eight were randomized to receive leukodepleted (99.98% leukocyte removal) allogeneic blood products, and 56 to receive nonleukodepleted allogeneic whole blood. 11 This group of 48 patients received leukodepleted allogeneic blood products, not syngeneic blood products. compared with patients who received leukodepleted blood.'83 Transfused allogeneic leukocytes have also been identified as the blood component responsible for the gut-derived infection in a murine model.L87 In contrast, in a bacterial peritonitis animal model that compared syngeneic blood transfusions to ABT, the latter were not shown to influence survival of mice.'88 Based on the published clinical studies, it appears that susceptibility to postoperative bacterial infection is associated with the transfusion of nonleukodepleted ABT. The reported bacterial infection rate in allogeneically transfused patients ranges between 20% and 30% compared with between 5% and 10% in either untransfused or syngeneically transfused subjects. Nevertheless, the relationship between ABT and bacterial infection has not been proved. This is partially because of the problem of defining the term "infection" in such patients. Limiting the definition of infection to positive cultures underestimates prevalence, whereas extending the definition to include fever overestimates prevalence. It is our opinion, therefore, that a large prospective controlled randomized clinical trial is required to validate definitively the association between ABT and increased risk of infection.
Blood transfusion and spontaneous recurrent abortions. Because the fetus represents a semiallogeneic graft to its mother, the maintenance of a pregnancy is dependent on immunologic equilibrium between the implantated fetus and the maternal immune response to the fetus. It has been proposed that an idiotypic-anti-idiotypic network downregulates maternal rejection during p r e g n a n~y . '~~* '~ This delicate balance may be altered in situations in which the spouses share HLA antigens. In such situations, maternal blocking antibodies may not form and the implanted fetus is rejected. Based on such an hypothesis and also on evidence of prolonged graft survival seen in allogeneically transfused kidney transplant recipients, leukocyte transfusions have been used as a form of immunotherapy to treat women with spontaneous recurrent abortions. 19' Different allogeneic leukocyte transfusion protocols have been used with leukocytes from either sexual partners or third-party donors. Such allogeneic leukocytes have been transfused as pooled buffy-coats; as single donor buffy-coats; as RBC suspensions containing leukocytes; or intravenously, intracutaneously, or as an intradermal injection of mononuclear cells obtained by gradient ~eparation.'~'
The success rate of approximately 75% obtained with the transfusion of either paternal or third-party leukocytes is considerably better than that observed with maternal cells of approximately 50% (Table 5) .'9"202 The latter figure is derived from three prospective nonrandornized studies that For personal use only. on October 22, 2017. by guest www.bloodjournal.org From The mechanism of the beneficial action of the allogeneic leukocyte infusions in patients with spontaneous recurrent abortions is unknown. However, it has been suggested that the beneficial clinical response observed may be associated with the production of auto-antidiotypic antibodies?% release of IL-l or decrease in maternal IL-2 receptor leve1. 208 The efficacy of leukocyte transfusions in patients with spontaneous recurrent abortions remains to be established by proper prospective randomized studies. Limitations to data currently available include small numbers of women in some studies; heterogeneity of the study populations; great diversity of the therapy protocol used; and possible cointervention effects derived from placebo treatments used in some of the control groups of patient^.^^^.'^ Only well-designed randomized cooperative studies will clarify the possible true benefit, risks, and clinical indications for allogeneic leukocyte transfusions in the treatment of women with spontaneous recurrent abortions.
Blood transfusion and injammatory bowel disease. Crohn's disease is a chronic inflammatory condition that can affect both the small and large bowel to cause clinical symptoms of diarrhea and crampy abdominal pain. Typically, after many years of quiescent periods alternating with periods of considerable disease activity, patients with Crohn's disease require surgical treatment because of a bowel obstruction or perforation. The recurrence rate after surgical resection is approximately 50% at 10 years.'" Although the etiology of the Crohn's disease is stili uncertain, it has been suggested that immunologic mechanisms are involved in its pathogenesis. In 1986, Tamer et a1'" reported that patients with Crohn's disease had a lower number of circulating total lymphocytes and T lymphocytes compared with normal controls, and that multiple ABT were associated with a significantly lower peripheral total lymphocyte and T-cell counts after surgery. Postulating that the immunosuppressive effects of allogeneic blood might be beneficial to patients with Crohn's disease, several studies examined whether the postoperative recurrence rate is affected by the perioperative use of ABT. The pooled data from 5 available studies suggest that the recurrence rate in the two groups is similar ( Table 6 ).212~2'6 However, the studies summarized in Table 6 are difficult to compare because they have different follow-up periods and use different surgical treatments. Most importantly, they are all retrospective.
The effect of ABT on the number of postoperative septic complications in patients with Crohn's disease has also been analyzed. In 1988, Tartter,'I7 using multivariate analysis, implicated ABT as a major factor in the development of infectious complications in Crohn's disease patients subjected to surgical procedures. Such an association was not shown to reach statistical significance in another similar study.'I3 Because many factors might affect recurrent rates of Crohn's disease, as well as the rate of septic complications after resection, it will be necessary to conduct well-designed prospective trials to clarify whether ABT have an impact in the disease activity of patients with Crohn's disease.
THE MECHANISM OF THE ABT-INDUCED IMMUNOMODULATION
From the available evidence, it appears that ABT-induced immunomodulation is caused by the presence of contaminating leukocytes in the transfused cellular blood prod-
has not yet been precisely elucidated; however, it has been postulated that the immunosuppressive effects are immunologically mediated.53.127.2L8 Allogeneic leukocytes present in cellular blood products bear class I1 major histocompatibility complex (MHC) antigens and it has been suggested that donor APCs present these allogeneic MHC antigens to the T lymphocytes of the re~ipient.'~ This MHC antigen-Tlymphocyte interaction provides the first signal that culminates in the expression of the IL-2 receptor. This is insufficient to elicit an immune response, because a second signal is required to induce the secretion of the various cytokines, which, in turn, cause the proliferation and differentiation of alloantigen-specific T lymph~cytes.''~ The immunogenicity of MHC antigens present on allogeneic blood products thus depends on the ability of donor APCs to stimulate recipient T cells by delivering two different signals. The absence of the second signal has been shown to induce T-cell anergy.220 In this context, it has been suggested recently that, during storage, leukocytes lose their UCtS~125,127.173. 175 The mechanism of the immunornodulation * Both groups were similar in age, duration of Crohn's disease, and serum albumin level. They had different hemoglobin levels, length of t Both groups were similar in age, sex, race, and duration of disease. The multitransfused group had significantly lower hematocrit and *There were significant differences in the hemoglobin and albumin levels between the two groups. The distribution of AB0 and Rhesus § The transfused group had significantly lower hemoglobin levels and longer bowel segments resected.
bowel resected, and location of small bowel involvement.
albumin levels on admission. The untransfused group included patients receiving 1 unit of blood.
blood groups was similar in the two groups.
imm~nogenicity.~~~ Thus, the transfusion of allogeneic cellular blood products stored for prolonged periods of time might be associated with the induction of T-cell anergy and thus to ABT-induced immunosuppression. Relevantly, ABT recipients have been shown to have various alterations in immunocyte function. These include decreased helper-suppressor lymphocyte ratio; decreased NK cell function; decreased antigen presentation; suppression of lymphocyte blastogenesis; and reduction in delayed hyper~ensitivity.'~~~'~~~''~ Thus, although the precise mechanism of ABT-induced immunomodulation has not been elucidated, there is a considerable body of information indicating that allogeneic blood transfusions are associated with alterations in immune function and that this effect is transferable to naive animals by immuno~y t e s . '~~
LEUKOCYTES AS THE VECTOR FOR TRANSFUSION-ASSOCIATED INFECTIOUS DISEASES
Cytomegalovirus (CMV} Infections
Transfusion-associated CMV (TA-CMV) infections have been recognized as a significant cause of morbidity and mortality in blood product recipients at risk. These include CMV-seronegative pregnant women, premature infants born to CMV-seronegative mothers, CMV-seronegative allogeneic bone marrow transplant recipients, and CMV-seronegative patients with acquired immunodeficiency syndrome (AIDS)."' CMV antibody prevalence rates in North America range from 30% to 80%.222 Whether all seropositive blood donors can transmit CMV i s unknown, and recipient factors may be critical in determining the development of TA-CMV.223 Thus, it might be possible to reduce the risk of TA-CMV infection from asymptomatic seropositive donors by limiting the number of blood units transfused to subgroups of patients at high risk, and/or improving the ability to detect IgM anti-CMV to identify acutely infected blood donors who may be more infectious than chronic carriers.223 CMV has been isolated from the peripheral blood leukocytes of many infected individuals.2?"1. 225 Moreover, individuals transfused with granulocyte concentrates have been shown to be at increased risk for CMV infection."' Thus, it has been suggested that the removal of leukocytes from allogeneic donor blood may prevent TA-CMV.226,227 In this context, the use of frozen-deglycerolized lU3C has been reported to prevent the transmission of CMVZ2* and the transfusion of washed RBC (87% leukocyte removal) from CMVseropositive donors to neonates is associated with a lower frequency of anti-CMV seroconversion (1.3%) than that seen in recipients of unwashed RBC (13% to 35%). 229 The maintenance of a satisfactory inventory of CMVseronegative blood donors may be difficult for some centers. The use of leukocyte filters in preventing TA-CMV infection has therefore been the subject of several studies. In a multicenter controlled trial, 21% of newborn infants transfused with unfiltered blood products developed CMV infection, whereas no TA-CMV was observed in the group of infants transfused with leukodepleted blood products ( P = .005).230 In one retrospective study, none of 59 CMV-seronegative patients with acute leukemia or non-Hodgkin's lymphoma had evidence of seroconversion 2 months after transfusion with leukodepleted blood prod~cts.'~' Another retrospective study reported that only 2 of 13 CMV-seronegative patients who were transfused with lymphocyte depleted allogeneic bone marrow from CMV-positive donors, and who were transfused with leukodepleted CMV-unscreened blood products, developed clinical manifestations of CMV infe~tion.'~' It has been reported that leukocyte filters are also capable of removing CMV-DNA from CMV-infected donor blood.233 The data from a prospective randomized study in 487 patients undergoing bone marrow transplanta-
indicate that the use of leukodepleted blood products is equivalent to the use of CMV-seronegative blood products in preventing TA-CMV infection.z34
Other Infections
Leukocytes, particularly B and T lymphocytes, are also the reservoir of other infectious agents that can be transmitted by blood transfusion. These include the human immunodeficiency viruses (HIV-1 and HIV-2), the human T-cell leukemia viruses (HTLV-I and HTLV-11), the Epstein-Barr virus (EBV), as well as the hepatitis C virus (HCV).873z35 However, the minimum number of leukocytes capable of transmitting such infections has not yet been determined. In this context, it has been shown that the leukocyte filtration process can remove intact HIV-l-infected cells and infectious particulate debris but not free virus.z36.z37 Interestingly, allogeneic peripheral blood mononuclear cells have recently been shown to induce the activation of HIV-l-infected cells and the subsequent dissemination of HIV-1 to uninfected cells. This in vitro effect was not observed with leukodepleted allogeneic blood.z38 Additionally, a recently published retrospective study has shown an increased incidence of opportunistic infections in previously transfused HIV-1 -infected pat i e n t~.~~~ Such findings could have important implications in clinical decision-making regarding the use of leukodepleted blood products in HIV-infected individuals.
Although leukodepletion is not sufficient to completely remove HTLV-I from infected blood, it has been suggested that the transmission of HTLV-I can be prevented, at least partially, by donor blood l e~k o d e p l e t i o n .~~"~~ Additionally, it has been shown that the infectivity of HTLV-positive blood products decreases with storage, probably because of the death of infected lymphocytes at refrigerator temperat~r e . '~ Experimental data indicate that only 10% of HTLV-Ipositive units stored for 20 days were virus culture-positive, whereas all units stored for less than 7 days were still posiAlthough EBV has not often been reported as a transfusion-associated infection, this B-cell-associated virus can be transmitted by ABT causing an infectious mononucleosis type of ~y n d r o r n e .~~ EBV can also be transmitted to transplant recipients by transfused allogeneic leukocytes, thus exposing them to the potential risk of a lymphoproliferative d i s~r d e r .~" .~~~ The removal of leukocytes from blood products thus might prevent EBV transmission; however, no evidence has yet been provided to support this hypothesis.
The bacterial contamination of the blood products remains a significant problem in transfusion medi~ine.'~~-'~~ For the past 13 years, the annual incidence of positive bacterial cultures in blood components tested by the Canadian Red Cross Society has been approximately 0.3%.z47.z49 Moreover, posttransfusion septic reactions account for approximately 10% of the transfusion-associated deaths reported in the United States.z46 Possible measures to minimize transfusion-associated sepsis include improved donor screening, reduction in blood product storage periods, improved techniques for blood collecting and processing, quality control programs, bacteriologic screening, and the removal of contaminating b a~t e r i a . '~~-~~ Recently, the removal of bacteria contaminating blood products has been demonstrated by leukodepletion. It appears that removal of leukocytes from blood products that have phagocytosed bacteria lowers the risk of transfusion-associated septic r e a~t i o n s .~~~-"~ However, the removal of leukocytes should be performed only after an appropriate incubation period to enable the phagocytosis of the bacteria p r e~e n t .~~~.~~~ Leukocyte depletion filters have also been reported to be able to remove contaminating uningested bacteria that may be present in blood components d i r e~t l y .~~~~*~ The relative contribution of the phagocytic mechanism versus the direct mechanism in the removal of bacteria from blood products has not yet been delineated.
THE LEUKOCYTE DEPLETION OF BLOOD PRODUCTS
Leukocyte Depletion of Blood Products
The removal of leukocytes from blood products can be accomplished by various techniques including sedimentation, centrifugation, washing, freezing-thawing, and leukofiltration.z56 Recently, a number of articles have provided information about the filtration of blood products including leukocyte depletion.'~z34~53~z57~259 First-generation blood filters (170 to 240 pm) are intended to prevent the infusion of large clots and large cellular aggregates to blood product recipients; second-generation filters (40 pm), also called microaggregate filters, remove cellular microaggregates that often form during blood storage; and third-generation blood filters can retain not only microaggregates but also cells and are generally referred to as leukocyte depletion filters.z8 Significant progress has been made over the past decade in the biotechnology of leukofiltration. Thus, donor leukocytes can be removed by both physical (barrier retention, surface phenomena, and charge density) and biologic (cell adhesion and cell-cell interaction) mechanisms. For an excellent discussion about what is known currently about leukofiltration, the interested reader is referred to the report by D~i k . '~~ Currently available leukocyte filters provide depletion rates that exceed 3 log,, (99.9%), resulting in less than 3 X lo6 leukocytes in a 300-mL unit of a blood component, ie, approximately 10 residual leukocytes per microliter. Various techniques have been devised to count accurately such low levels of residual leukocytes in leukodepleted blood products, because traditional cell counting techniques are inaccurate at this low number.260 The most widely accepted current method uses a counting chamber known as the Nageotte chamber. The Nageotte chamber is a large-volume hemocytometer that uses a sample volume of 50 pL. This approach provides accurate detection of 0.5 to 1 leukocytes per microliter. This corresponds to approximately 3 X lo5 residual leukocytes in a 300-mL unit of RBCs.z61,z6z Flow cytometry techniques have been reported to have a detection sensitivity to approximately 0.1 l e~k o~y t e s / p L ,~~~~~~~ and to have less variability than the Nageotte chambe?60.z6z; however, flow cytometry requires expensive equipment and reagents, and may not be available in many centers requiring such technology.
The leukodepletion of the blood products can be performed shortly after collection (prestorage leukodepletion) or after storage, just before transfusion (poststorage leukodeFor personal use only. on October 22, 2017. by guest www.bloodjournal.org From pletion). The prestorage leukodepletion of blood products has been shown to prevent some of the adverse effects caused by metabolites released from leukocytes during blood product storage.2M'26s Moreover, the prestorage leukodepletion of blood products has been shown to be more effective than poststorage leukodepletion in preventing platelet alloimmunization and the tumor-growth promoting effect associated with ABT.173.'7s The latter observations are from studies in experimental animals and need to be confirmed in humans.
Clinical Indications for Using Leukodepleted Blood Products
The proposed clinical indications for the use of leukodepleted blood products have been reviewed in several recent publication^."^*^^* These include the prevention of FNHTR, GVHD, the transmission of disease, refractoriness to transfused platelets, and immunomodulation. However, in most of these, the effectiveness of leukodepletion remains unproven. Moreover, the exact degree of leukodepletion required for the various proposed clinical situations remains to be defined. Thus, it has been suggested that l log,, leukocyte reduction prevents FNHTR; that a 2 log,, reduction may prevent the transmission of viruses; and that a 2 3 log,, reduction may be necessary to prevent platelet alloimmuni~a t i o n . "~ However, because there are no data available as guidelines for the use of leukodepleted blood products for most clinical indications, the use of leukocyte filters should be restricted to selected patients for whom such data exist. Despite the latter, it has been suggested recently that the use of leukodepleted blood components might be a very costeffective strategy to prevent platelet alloimmunization in adult patients with acute leukemia.'% In our opinion, further data are required before the routine implementation of leukodepletion for all blood products to prevent platelet alloimmunization as well as other indications.
SUMMARY
A considerable literature has accumulated over the past decade indicating that leukocytes present in allogeneic cellular blood components, intended for transfusion, are associated with adverse effects to the recipient. These include the development of febrile transfusion reactions, graft-versushost disease, alloimmunization to leukocyte antigens, and the imunomodulatory effects that might influence the prognosis of patients with a malignancy. Moreover, it has become evident that such leukocytes may be the vector of infectious agents such as CMV, HTLV-MI, and EBV as well as other viruses. An interesting development that has occurred coincidentally in transfusion medicine is that agencies responsible for the provision of blood products are being designated manufacturers of biologicals. The trend among manufacturers of biologicals is to try to produce pure products to provide for the specific therapeutic need of patients. Thus, with the realization that allogeneic leukocytes and their products may have adverse biologic activities, there is increasing pressure from various sources for the reduction of the leukocyte content in allogeneic blood components to minimize the occurrence of their adverse effects. Although the threshold leukocyte number below which these effects might no longer occur is still to be determined, a 2 to 3 log,, leukocyte reduction, provided by the currently available commercial leukocyte filters, has been shown to reduce the frequency of many of such reactions.
On the other hand, the immunosuppressive effects produced by the infusion of allogeneic leukocytes might be beneficial for some patients, ie, for the maintenance of kidney allografts, in possibly reducing the relapse rate in patients with inflammatory bowel diseases, and in ameliorating recurrent spontaneous abortion. Moreover, therapeutic granulocyte transfusions may be of benefit in certain well-defined categories of patients infected with bacteria, yeast, andor fungi. These include neonates with bacterial sepsis associated with bone marrow failure as well as severely neutropenic leukemic patients with an infection unresponsive to appropriate and specific antibiotic therapy.267,268
Many of the results obtained with the use of leukocyte depletion filters are tantalizing, but the actual clinical benefit of leukodepletion has not been established in most instances, because much of the available data are retrospective or from uncontrolled clinical trials. Moreover, issues of cost-effectiveness and quality control have not been considered adequately. Properly designed prospective clinical trials are essential to provide data with which to answer such questions and also to help define the optimal conditions required for the preparation of blood components ultimately destined for clinical use. Only with the availability of such data can sound decisions be made about the clinical value of leukodepletion. 15. Debili N, Mass6 JM, Katz A, Guichard J, Breton-Gorius J, Vainchenker W: Effects of the recombinant hematopoietic growth factors interleukin-3, interleukin-6, stem cell factor, and leukemia inhibitory factor on the megakaryocytic differentiation of CD34' cells. Blood 82:84, 1993 16. Hangoc G, Yin T, Cooper S, Schendel P, Yang YC, Broxmeyer HE: In vivo effects of recombinant interleukin-l 1 on myelopoiesis in mice. Blood 81:965, 1993 17 
